Background {#Sec1}
==========

Breast cancer is the commonest cause of cancer in New Zealand women (excluding non-melanoma skin cancer) and accounts for approximately 3000 diagnoses and 600 deaths per year \[[@CR1]\]. One of the most important factors in predicting survival from breast cancer is the stage at diagnosis. Women with early stage disease have an excellent prognosis while those with metastatic disease at diagnosis have a 5-year survival of around 20 % \[[@CR2]\]. Stage at diagnosis can be influenced by the diagnostic pathway and the characteristics of the tumour \[[@CR3]\]. The diagnostic pathway is important -- population based screening with mammography has been shown to increase the proportion of women diagnosed with early breast cancer \[[@CR4]\].

In New Zealand, late diagnosis with advanced or metastatic disease has been associated with Māori ethnicity and social deprivation \[[@CR5]\]. Differences by ethnicity and social deprivation have important associations in other countries \[[@CR6]--[@CR9]\], while in some countries it has been shown that women living outside main urban areas are more likely to be diagnosed with advanced disease \[[@CR10]\]. The reason why women from certain demographic groups may present late may be due to factors related to the women e.g. health literacy, psychosocial factors, etc., \[[@CR11]\] or system issues causing diagnostic delays such as a shortage of primary care physicians \[[@CR12]\] and difficulty accessing diagnostic facilities \[[@CR13]\]. Furthermore, community-level determinants which include health policy, health care delivery system, and community risk factors have also been observed to be contributing to socioeconomic and geographic variations in breast cancer stage at diagnosis \[[@CR14]\]. Another cause of advanced stage at diagnosis may be the biology of the cancer -- some types of cancer are more aggressive and are more likely to metastasize early \[[@CR15]\].

It is important when looking at a population of women with breast cancer to examine the associations with late diagnosis to identify which factors may be amenable to intervention. This study assesses the importance of socio-demographic factors, breast cancer screening and biological factors in explaining differences in cancer stage at diagnosis in a population-based series of female patients diagnosed with invasive breast cancer in New Zealand.

Methods {#Sec2}
=======

Data sources {#Sec3}
------------

Data were obtained from the Auckland (ABCR) and Waikato Breast Cancer Registries (WBCR), which are prospective population based databases that capture almost 100 % of the newly diagnosed breast cancers in the respective regions since 2000. These two registries cover an area that includes over 40 % of the total New Zealand population. In general, this population resembles average New Zealand population in terms of ethnicity, socioeconomic status and urban/rural residential distribution. Completeness and accuracy of the data included in these registries have been validated previously \[[@CR16], [@CR17]\]. Data from the two registries were linked with the New Zealand Cancer Registry (NZCR) and the National Mortality Collection (NMC).

Study population {#Sec4}
----------------

All women with primary breast cancer diagnosed over a 13-year period between 01/06/2000 and 31/05/2013 were identified from the two registries. This included a total of 14469 breast cancers \[12390 (85.6 %) invasive and 2079 (14.4 %) in situ cancers\]. Of this 12390 women with invasive, primary breast cancer were included in the analyses.

Healthcare system in New Zealand {#Sec5}
--------------------------------

New Zealand has a publicly funded national health system that provides specialist and hospital care to all citizens without patient charges. Parallel to the public system, there are a variety of private hospital facilities available, which are mostly funded through insurance schemes. The primary health care system in New Zealand is highly subsidized, but patient co-payment is also substantial. For instance, a visit to a general practitioner on average may cost between NZ\$20 and NZ\$50 for an adult. A national breast cancer screening programme, BreastScreen Aotearoa provides free biannual breast cancer screening for all women aged 45--69 years, and has operated since 1999.

Study covariates {#Sec6}
----------------

Patient ethnicity was identified from the breast cancer registries or where it was not available from these registries it was obtained from the NZCR or the NMC, as per the Ministry of Health ethnicity data protocols \[[@CR18]\]. Ethnicity was categorized into NZ European, Māori, Pacific, Asian and Other. Socioeconomic deprivation was classified according to the New Zealand Deprivation Index 2006 (NZDep2006) \[[@CR19]\]. The NZDep2006 assigns small residential areas a deprivation decile on a scale of 1 to 10 based on nine socio-economic variables measured during the 2006 population census; decile1-least deprived, decile10-most deprived. Urban/rural residential status of each woman was categorized into main urban, other urban (independent or satellite urban) and rural based on the New Zealand Statistics urban/rural classification system \[[@CR20]\]. These variables were selected on the basis of theoretical relevance and empirical evidence of their utility in assessing the impact of socio-demographic factors on a variety of health outcomes including cancer \[[@CR21]\]. Cancer stage at diagnosis was defined according to the Tumour, Node, and Metastasis (TNM) system \[[@CR22]\] and was categorized into early (TNM stage groups I and II), advanced (stage groups III and IV) and metastatic (stage group IV) for analysis. Invasive tumour grade was defined according to the Elston and Ellis modified Scarff-Bloom-Richardson breast cancer grading system \[[@CR23]\]. Oestrogen (ER) and progesterone (PR) receptor status was determined based on the results of immunohistochemistry tests and classified as positive or negative. HER-2 status was based on Fluorescent In-Situ Hybridization (FISH) test or when this was not available, on immunohistochemistry \[[@CR24]\].

Statistical analysis {#Sec7}
--------------------

Univariate differences in distribution of factors among groups of interest were tested by using Chi squared (*χ*²) test for trend or by linear-by-linear association test \[[@CR25]\]. Unconditional logistic regression models were used to estimate the contribution of covariates towards advanced or metastatic cancer at diagnosis in multivariate analyses. All statistical analyses were performed in SPSS (Version 22) (18).

Ethics approval {#Sec8}
---------------

Both ABCR and WBCR function with ethics approval from the New Zealand Northern 'A' Health and Disability Ethics Committee. This required individual patient consent from patients for their data to be included. Since 2012, the consent process was waived off by the same ethics committee as it was noted that for data from these registries to be more useful at a national level all patients with breast cancer are needed to be included. Additionally ethical approval for this study was obtained from the same New Zealand Northern 'A' Health and Disability Ethics Committee (Ref. No. 12/NTA/42).

Results {#Sec9}
=======

Of the 12390 women included in this study 9630 (77.7 %) were from the Auckland Region and 2755 (22.3 %) from the Waikato. The mean age of the population was 57 years. 8972 (73.3 %) were NZ European, 1162 (9.5 %) were Māori, 809 (6.6 %) were Pacific, 984 (8 %) Asian and 311 (2.5 %) belonged to Other ethnic groups. Ethnicity data were unavailable for 152 (1.2 %) women. Māori, Pacific and Asian women were significantly younger than the NZ European women, in keeping with the younger age structure of Māori, Pacific and Asian populations in New Zealand \[[@CR26]\]. Staging data were missing for 5 (0.04 %) while tumour grade was missing for 5.5 % of study women. Information on hormone receptor status was not available for 2.4 % of the study population. HER-2 status was not available for 23.2 % of the women, a majority (84.2 %) of whom were diagnosed with breast cancer prior to 2006.

Distribution of socio-demographic and tumour characteristics by stage at diagnosis are summarized in Table [1](#Tab1){ref-type="table"}. Proportion of metastatic disease have increased from 3.8 % to 5.0 % over the study period while the rate of stage I cancers has increased from 42.2 % to 45.6 %. A corresponding reduction was seen for rates of stage II and III cancers (from 38.0 % to 35.9 % and 15.7 % to 13.6 %, respectively). Age younger than 40 and older than 70 years were significantly associated with advanced and metastatic breast cancer at diagnosis compared with women aged between 40 to 69 years, a majority of whom are within the breast cancer screening age. NZ European and Asian women tended to be diagnosed at an earlier stage, compared with Māori and Pacific women. Māori and Pacific women were around two and three times more likely respectively, to be diagnosed with metastatic disease compared with NZ European women (3.9 % vs. 7.6 % and 10.9 %, respectively). Over a third (33.7 %) of the cancers in Pacific women and a quarter of the cancers in Māori (26.1 %) were advanced (stage III or IV) at diagnosis compared with less than a fifth in NZ European (18.3 %) and Asian (17.7 %) women.Table 1Distribution of selected characteristics by percentage among 12,390 female breast cancer patients diagnosed in New Zealand during 2000--2013CharacteristicStage IStage IIStage IIIStage IVTotal*n*%*n*%*n*%*n*%*pn*%536243.3 %457536.9 %187315.1 %5754.6 %12385100.0 %Age \<4020425.4 %33341.5 %21827.1 %486.0 %\<0.0018036.5 % 40--49105339.2 %102938.3 %49218.3 %1144.2 %268821.7 % 50--59160347.8 %114434.1 %48514.5 %1223.6 %335427.1 % 60--69157955.2 %86630.3 %31110.9 %1053.7 %286123.1 % 70--7960638.7 %65241.7 %20212.9 %1046.6 %156412.6 % 80+31728.4 %55149.4 %16514.8 %827.4 %11159.0 %Ethnicity NZ European402444.9 %330236.8 %129114.4 %3513.9 %\<0.001896873.3 % Māori43037.0 %42836.8 %21618.6 %887.6 %11629.5 % Pacific21726.8 %31939.4 %18623.0 %8710.8 %8096.6 % Asian43944.7 %37037.6 %14014.2 %343.5 %9838.0 % Other16151.8 %10533.8 %3110.0 %144.5 %3112.5 % Unknown915191152(1.2 %)Menopausal status Pre129136.1 %140239.2 %73820.6 %1504.2 %\<0.001358129.9 % Peri28845.2 %23937.5 %9314.6 %172.7 %6375.3 % Post355445.8 %282136.4 %99812.9 %3855.0 %775864.8 % Unknown2211114423399(3.2 %)Year of diagnosis 2000--2003126242.4 %113138.0 %46715.7 %1133.8 %0.001297324.0 % 2004--2006109741.1 %101638.0 %43616.3 %1224.6 %267121.6 % 2007--2009130943.3 %109436.2 %46615.4 %1565.2 %302524.4 % 2010--2013169445.6 %133435.9 %50413.6 %1845.0 %371630.0 %Region Auckland427044.3 %350936.4 %143914.9 %4124.3 %\<0.001963077.8 % Waikato109239.6 %106638.7 %43415.8 %1635.9 %275522.2 %Deprivation 1--2121046.4 %95736.7 %35313.5 %873.3 %\<0.001260721.2 % 3--496347.4 %72635.8 %26813.2 %733.6 %203016.5 % 5--6116644.4 %98537.5 %37214.2 %1054.0 %262821.4 % 7--8102040.8 %91336.5 %42917.2 %1395.6 %250120.4 % 9--1094037.5 %95838.3 %44017.6 %1666.6 %250420.4 % Unknown6336115115(0.9 %)Urban rural Main urban406443.7 %342136.8 %141715.2 %3914.2 %\<0.001929375.8 % Other urban32845.6 %26236.4 %8612.0 %436.0 %7195.9 % Rural90140.0 %85538.0 %35815.9 %1366.0 %225018.3 % Unknown6937125123(1.0 %)Mode of detection Screen319667.2 %121125.5 %2966.2 %511.1 %\<0.001475438.4 % Non-screen216628.4 %336444.1 %157720.7 %5246.9 %763161.6 %Grade I200370.1 %69424.3 %1344.7 %260.9 %\<0.001285724.4 % II232442.7 %213739.2 %82115.1 %1673.1 %544946.5 % III85825.2 %154845.4 %82024.1 %1805.3 %340629.1 % Unknown17719698202673(5.4 %)ER/PR ER/PR Positive452646.1 %354536.1 %138114.1 %3733.8 %\<0.001982581.3 % ER & PR Negative71631.7 %92841.0 %47120.8 %1466.5 %226118.7 % Unknown1201022156299(2.4 %)HER-2 Positive46529.2 %57636.2 %41826.3 %1328.3 %\<0.001159116.7 % Equivocal9948.5 %7335.8 %2713.2 %52.5 %2042.1 % Negative344944.7 %286137.0 %111014.4 %3023.9 %772281.1 % Unknown134910653181362868(23.2 %)Histology Ductal437844.2 %364436.8 %147614.9 %4094.1 %\<0.001990781.3 % Lobular48034.3 %57040.7 %28120.1 %684.9 %139911.5 % Mixed1926.8 %3042.3 %2129.6 %11.4 %710.6 % Other45055.9 %25531.7 %627.7 %384.7 %8056.6 % Unknown35763359203(1.6 %)

Significantly higher proportions of more advanced cancer, including metastatic cancer were observed in women from high deprivation compared with low deprivation groups and rural compared with urban residing women (Table [1](#Tab1){ref-type="table"}). Proportions of advanced and metastatic cancer were observed to be higher in the Waikato (21.7 % and 5.9 %, respectively) compared with Auckland (19.2 % and 4.3 %, respectively). Further, a greater increase in the proportion of metastatic cancer was observed in the Waikato region (58 %) compared with Auckland (17 %) over the study period. Significantly higher proportions of advanced cancer were seen in non-screen compared with screen detected women and in women receiving treatment from public compared with non-public hospitals. Greater proportions of cancers with adverse prognostic characteristics including higher grade, oestrogen (ER) and progesterone receptor (PR) negativity and human epidermal growth factor type-2 (HER-2) positivity were advanced or metastatic at diagnosis compared with lower grade, ER/PR positive and HER-2 negative cancers, respectively.

Multivariate logistic regression models were used to assess the importance of study variables in explaining advanced and metastatic cancer at diagnosis and are shown in Table [2](#Tab2){ref-type="table"}. Patients for whom information on tumour stage (*n* = 5) were not available were excluded from regression analyses. Advanced cancer at diagnosis was significantly associated with Māori \[Odds ratio (OR = 1.27, 1.08--1.49)\] and Pacific (OR = 1.72, 1.43--2.06) compared with NZ European ethnicity, higher socioeconomic deprivation (*p* \< 0.001) and non-screen compared with screen detection (OR = 3.79, 3.33--4.34).Table 2Multivariate analysis for factors associated with advanced and metastatic breast cancer versus early breast cancer at diagnosis, 2000--2013CharacteristicUnivariateAdjustedORAdvanced 95% CIpORMetastatic 95% CIpORAdvanced 95% CIpORMetastatic 95% CIpAge  \<401.701.43--2.021.631.15--2.311.100.92--1.321.030.70--1.50  40--49Ref0.000Ref0.000Ref0.000Ref0.021  50--590.760.67--0.860.810.62--1.051.100.96--1.261.240.93--1.65  60--690.590.51--0.670.780.60--1.030.900.78--1.051.190.88--1.61  70--790.840.72--0.981.511.15--1.990.850.72--1.001.501.10--2.04  80+0.980.83--1.161.721.29--2.320.760.63--0.910.840.59--1.21Year of diagnosis  2000--2003Ref0.068Ref0.079Ref0.311Ref0.042  2004--20061.090.96--1.241.220.94--1.590.930.80--1.081.190.87--1.64  2007--20091.070.94--1.211.371.07--1.760.950.81--1.121.511.10--2.07  2010--20130.940.83--1.061.291.01--1.650.870.75--1.021.441.06--1.96Region  AucklandRef0.004Ref0.000Ref0.741Ref0.903  Waikato1.161.05--1.291.431.18--1.721.030.85--1.240.980.68--1.42Ethnicity  NZ EuropeanRefRefRefRef  Maori1.581.37--1.820.0002.141.68--2.730.0001.271.08--1.490.0041.861.39--2.490.000  Pacific2.271.95--2.650.0003.382.64--4.350.0001.721.43--2.060.0002.812.03--3.870.000  Asian0.960.81--1.140.6390.880.61--1.260.4750.810.67--0.980.0260.900.61--1.330.609  Other0.760.55--1.040.7551.100.64--1.900.7370.870.62--1.230.4261.560.86--2.830.146  Unknown0.310.17--0.600.0000.150.02--1.050.0560.370.19--0.720.0030.220.03--1.630.139Deprivation  1--2Ref0.000Ref0.000Ref0.000Ref0.017  3--40.990.85--1.161.080.78--1.480.960.81--1.140.840.59--1.19  5--61.090.95--1.261.210.91--1.631.050.90--1.230.990.71--1.36  7--81.451.26--1.661.791.36--2.361.311.12--1.531.401.02--1.92  9--101.571.37--1.802.181.67--2.841.281.09--1.511.401.01--1.92  Unknown0.800.46--1.361.260.50--3.180.790.14--4.470.940.01--109Urban rural  Main urbanRef0.009Ref0.001Ref0.981Ref0.004  Other urban0.910.74--1.101.401.01--1.931.030.83--1.292.001.37--2.92  Rural1.161.04--1.301.481.21--1.811.010.82--1.251.220.83--1.82  Unknown0.660.40--1.110.900.37--2.280.780.15--4.180.400.01--46.1Mode of detection  ScreenRef0.000Ref0.000Ref0.000Ref0.000  Non−screen4.834.28--5.448.186.13--10.93.793.33--4.346.034.41--8.24ER/PR status  ER/PR PositiveRef0.000Ref0.000Ref0.070Ref0.620  ER & PR Negative1.731.55--1.921.921.58--2.341.130.99--1.281.060.83--1.36  Unknown1.601.23--2.085.454.00--7.451.501.06--2.141.120.71--1.79Grade  Grade IRef0.000Ref0.000Ref0.000Ref0.000  Grade II3.733.13--4.443.882.56--5.882.852.38--3.402.721.78--4.14  Grade III7.005.88--8.357.765.12--11.74.133.30--5.003.852.47--5.99  Unknown13.610.8--16.956.236.8--85.712.79.82--16.449.631.2--79.1HER-2 status  NegativeRef0.000Ref0.000Ref0.000Ref0.000  Equivocal0.830.57--1.220.610.25--1.490.730.48--1.100.460.18--1.19  Positive2.362.10--2.662.652.13--3.281.571.38--1.791.801.41--2.31  Unknown0.840.75--0.941.180.96--1.450.630.54--0.740.630.45--0.87

Odds ratios for metastatic compared with early stage (i.e., stages I and II) cancer were significantly elevated for Māori (OR = 1.86, 1.39--2.49) and Pacific (OR = 2.81, 2.03--3.87) women, but not for Asian (OR = 0.90, 0.61--1.33) or Other (OR = 1.56, 0.86--2.83) women, relative to NZ European women (Table [2](#Tab2){ref-type="table"}). Non-screen compared with screen detection (OR = 6.03, 4.41--8.24), other urban compared with main urban residency (OR = 2.00, 1.37--2.92), higher socioeconomic deprivation and later year of diagnosis were also significantly associated with metastatic cancer at diagnosis.

Associations between stage at diagnosis and, ethnicity and sociodemographic factors were additionally analysed by year category to identify trends over time (data not shown). However, no significant differences in these associations were observed by year category. As socioeconomic and geographic variables included missing data, regression analysis was repeated using only cases with complete data for all variables. The results were almost identical to the full dataset regression model, and are not presented in this report. Imputation of missing values was not undertaken due to the similarity of these results.

Discussion {#Sec10}
==========

This study has shown major and significant differences in stage of breast cancer at diagnosis by ethnicity, socioeconomic status and by urban/rural residency in New Zealand. We also observed a significant rise in the proportion of metastatic breast cancer although the overall proportion of advanced breast cancer did not show a significant change over the 13 year study period.

Differences in rate of advanced or metastatic breast cancer by ethnicity and socioeconomic status may be due, in part, to delays in responding to breast symptoms which may differ between ethnic and socioeconomic groups. Such differences occur because of differences in access to care or due to patient factors which include health literacy, health seeking behaviours or psycho-social factors \[[@CR27]--[@CR29]\]. Structural organization of the healthcare system also contributes to these disparities by forming barriers to access primary health care services for women of minority ethnicity, low socioeconomic status or non-urban residency \[[@CR30]\]. For example, a short supply of primary care physicians has been associated with late stage of breast cancer at diagnosis \[[@CR12]\]. Difficulties in accessing primary care due lack of general practitioners (GP) especially outside main urban areas, the costs associated with accessing GPs and barriers due to services not being culturally safe are well-established in New Zealand \[[@CR31], [@CR32]\]. A relative lack of GPs commonly seen in rural and low socioeconomic areas may lead to patient overload and hence, a lower quality of care. For instance, if doctors only have a short time to see patients then they may be less likely to undertake routine examinations or ask about the presence of breast lumps. All these factors contribute to a delay and more advanced cancer stage at diagnosis which leads to poor cancer outcomes \[[@CR33]\].

Improved delivery of primary health care and increasing mammographic breast cancer screening coverage, as observed in New Zealand over the last two decades \[[@CR31]\], would be expected to have reduced the rate of advanced and metastatic cancer at diagnosis. In contrast, the present study observed a steady increase in the proportion of metastatic breast cancer at diagnosis. A similar scenario is reported from several other developed countries including the USA, where the rate of metastatic cancer has remained static or has steadily increased over the last two to three decades \[[@CR34]\]. This rise has been more pronounced among women younger than 50 years \[[@CR35]\]. It is unclear whether the observed increase in metastatic cancer in our study population is an actual increase or an apparent increase due to several other reasons. For instance, stage migration due to improvements in diagnostic imaging technology, or increasing use of imaging studies for staging over time might have placed patients in a higher stage group at diagnosis \[[@CR36]\]. Stage migration tends to occur from an adjacent category (e.g., from stage I or stage III to stage II) and usually from a lower to the next higher stage category (e.g., stage III to stage IV). In keeping with this, our study also observed a reduction in the proportion of stage III cancer which was approximately equal to the increase in rate of metastatic cancer. Regardless, the trajectory of the proportion of metastatic breast cancer predicts a likely increase in the number of women being diagnosed with metastatic breast cancer in the future.

Some researchers argue that the lack of a decrease in rate of metastatic breast cancer observed in many developed countries is a reflection of the ineffectiveness of programmes aimed at improving early diagnosis of breast cancer which include mammographic breast cancer screening \[[@CR34]\]. However, it is possible that a majority of these women who are diagnosed with metastatic breast cancer are the very same women who have poor access to health care services, and hence fail to be captured by mammographic screening programmes. As seen in the present study, only a very small proportion of cancers among women who are diagnosed through mammographic screening are metastatic at diagnosis and the vast majority of metastatic cancers are diagnosed in women with symptomatic cancer. Furthermore, many researchers have estimated that approximately a half of the reduction in breast cancer mortality observed in the last two decades in the developed world has been due to widespread use of mammographic screening \[[@CR37], [@CR38]\]. Therefore it is unlikely that mammographic screening is ineffective, rather it is the lack of penetration of these programmes into populations of deprived women who are likely to gain a greater benefit that limits its effectiveness at population level.

Increasing rate of metastatic cancer poses several challenges. First, the healthcare system needs to be geared up to deal with women with metastatic cancer whose numbers are likely to increase. Many of these women nowadays have prolonged survivals due to improved treatments \[[@CR39]\] which will further increase the disease burden on the health system. In addition to controlling metastatic disease with various treatments, these women will also require expanded services to provide long-term palliative care and psycho-social support. Second, it is essential to identify the reasons for the failure of present health strategies to reduce the rates of advanced and metastatic breast cancer in New Zealand. Identification of sub-groups of women who are at risk of being diagnosed with metastatic cancer, as shown in this study may help develop strategies specifically targeting these groups to promote early diagnosis.

Potential limitations of this study include use of area level deprivation as a proxy measure for individual socioeconomic status and missing data for some of the included variables. The NZDep2006 has been validated as an accurate proxy measure for assessment of socioeconomic deprivation for epidemiological studies \[[@CR40]\], although it inherently has a limited precision to predict individual deprivation. Further, we did not include data on health insurance status or lifestyle factors (e.g., weight or body mass index, physical activity, diet, etc.,) or BRCA or other genetic panel-type testing that can influence breast cancer risk and possibly likelihood of screening in our analyses as these were not available from the registries. The analysis performed including only complete dataset yielded very similar results to the results shown; hence missing data are unlikely to have affected the reported findings significantly. Strengths of this study include the completeness of the sample, which essentially included 100 % of newly diagnosed cancers over the study period, and the comprehensive nature of the prospectively collected data from the registries. Hence, these study findings are likely to be representative of breast cancer in New Zealand.

In conclusion, this study has shown significant differences in the proportions of advanced and metastatic breast cancer at diagnosis by ethnicity, socioeconomic status and geography. Further, a small but a significant increase in the proportion of metastatic breast cancer was observed over time. While ensuring increasing provisions to manage metastatic breast cancer, steps needed to be instituted to promote early diagnosis to reduce the rate of metastatic breast cancer at diagnosis. Increasing breast cancer screening coverage and increasing health literacy especially among deprived populations who are at a greater risk of being diagnosed with advanced breast cancer may help reduce the rate of metastatic breast cancer at diagnosis and reduce disparities in stage at diagnosis.
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